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Research Questions 

How has and will the physical-chemical quality of 
urban streams change in a warming climate?  
 
• How will changes in precipitation and temperature extremes 

affect urban water quality?  
 

• What interactions might there be between changing land 
cover and climate extremes as they affect urban water 
quality? 

  
• To what extent can land cover policies mitigate the effects 

of climate change in urban areas?  



Research Objectives 

• Integrate a system of the Distributed Hydrology Soil 
Vegetation Model (DHSVM) hydrology model, urban water 
quality models, and dynamical and statistical downscaling 
methods to provide a framework for predicting the effects 
of changing climate extremes on urban water quality at 
regional scales. 
 

• Demonstrate application of the framework to assess the 
implications of 2007 IPCC AR4 climate change scenarios 
(and AR5 scenarios as they become available) on water 
quality for the next half century at the scale of large urban 
regions. 

  



Case Study Site: Puget Sound Basin 

 
The Puget Sound basin is 
selected as one of our case study 
sites. The basin has a drainage 
area of about 40,000 km2, of 
which about ¼ is urban or 
partially urbanized.  
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Presentation Notes
We will select two or three case study sites of size roughly similar to the urbanized/partially urbanized portion of the Puget Sound basin, such as the Great Lakes, Chesapeake Bay, or Long Island Sound, for assessment of the changing climate or land cover impact on regional water quality.



 Comparable Sites 

We will select two or three 
more case study sites of size 
roughly similar to the 
urbanized/partially 
urbanized portion of the 
Puget Sound basin, such as 
Chesapeake Bay, for 
assessment of the changing 
climate & land cover impact 
on regional water quality. 

Chesapeake Bay 2000 Land Cover (Image source: Woods Hole Research Center) 



Distributed Hydrology Soil Vegetation Model 
(DHSVM)  

  

• Physically based, spatially 
distributed hydrologic model 

• Grid based (DEM) 
• Two layer canopy for 

vegetation 
• Simultaneously solves energy 

and water balance 

DHSVM has been applied predominantly to mountainous 
watersheds at high spatial resolutions (10m – 150m) for watersheds 
of up to 104 km2 and at sub-daily timescales.  

DHSVM features: 
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DHSVM has been used extensively for assessment of hydrologic impacts of climate and land cover change at regional scales (Cuo et al., 2009; 2010; Vano et al., 2010). In this project, we use DHSVM for assessment of land cover and climate change effects on hydrological processes. We also integrate the water quality module into the DHSVM model to predict the effects on urban water quality.



Integration of EPA-SWMM Water Quality Module into DHSVM 
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Presentation Notes
The key distinction of our integrated model from most urban hydrology models is that DHSVM-WQ is applicable on regional scales. Specifically, DHSVM-WQ is capable of predicting implications of climate and land cover change on the water quality of large urban or partially urban regions.With this integrated model, we will model four index pollutants that are mentioned specifically in EPA’s Strategic Plan for 2011-2015, and are particularly relevant in urban areas: sediment loadings, waterborne pathogens , and nutrients. 
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Mercer Creek Basin 
 
Basin Area:  
12 mi2 
 

Location:  
Bellevue, King County 
 
Receiving Water:  
Lake Washington 
 
 
Dominant Land Use:  
Residential (47%) 
 

USGS Gauge 12120000 
 
Record: Hourly Streamflow 
Active: June 1955 to present 

Pilot Case Study: USGS Gauge 12120000  
Mercer Creek near Bellevue, WA 



A Century of Land Cover Change  
in Mercer Creek near Bellevue, WA 



Land Use Percentage 
1883 2002 

Dense Urban 0.0% 24.1% 

Light-Medium Urban 0.0% 33.1% 

Grass/Crops/Shrubs 0.0% 4.6% 
Mixed Forests 95.9% 22.5% 
Coniferous Forests 0.0% 13.3% 

Wetlands 0.0% 0.5% 

Water 4.1% 0.9% 

Urbanization: Land Cover Change  
in Mercer Creek, WA 

The Mercer basin has undergone rapid urbanization in the past 
century, and serves as an ideal site for assessment of urban landscape 
change effect on hydrological processes and urban water quality. 
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59-Year Precipitation Trend  
in WA from 1949 to 2007 

class of 
extreme events 

Source: Rosenberg et al. (2010)  
 

X axis: 20 precipitation class intervals  
from smallest to the largest 

smallest  
events 
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Presentation Notes
Over 59 years, there is a NEGATIVE trend in event frequency for all magnitudes of events, and a NEGATIVE trend in precipitation intensity for most class intervals.However, there is a dramatic INCREASING trend in the intensity of extreme events, causing the cumulative trend for intensity to be slightly positive. 



Source: Rosenberg et al. (2010)  
 

Over 59 years, there is a NEGATIVE trend in event frequency for all 
magnitudes of events, and a NEGATIVE trend in precipitation intensity 
for most class intervals. 
 
However, there is a dramatic INCREASING trend in the intensity of 
extreme events, causing the cumulative trend for intensity to be slightly 
positive.  
 

Precipitation event analysis  
from 1949 to 2007, WA 

    SeaTac 
Average annual number of events   154.5 
Average annual precipitation   970 mm 
Trend in annual precipitation   -8.90% 

… due to trend in event frequency   -9.30% 
                 … due to trend in event intensity   0.40% 

Trend in annual median event intensity   4.60% 
Trend in annual maximum event intensity   39% 
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Presentation Notes
Basically, storm frequency and/or storm intensity contributed to trends in total annual precipitation.1)The percent change in total precipitation is determined by the slope of the linear regression line through a scatter plot of total precipitation vs. year.2)The percent change in event frequency is determined by the slope of the linear regression line through a scatter plot of number of events vs. year.3)The percent change in event intensity = 1) – 2) Trends in Median and highest precipitation events were determined by the slopes of their respective regression lines.
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Increasing Trend of Annual Peak Flow  
at Mercer Creek, 1956 ~ 2006 

Changing land cover, precipitation pattern and temperature 
could contributed to the increasing annual maximum flow. 
Which factor is dominant? To what extent the water quality 
has been and will be impacted? 
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There is an increasing trend in annual peak flow values through the past cent



Current Climate Evaluation of DHSVM 
Performance in Mercer 12120000 

Insert Some Sim vs. Obs hydrographs. 

Daily Flow Rate, 1998 ~ 2000 

Daily Flow Rate, 2001 ~2002 

Flow Rate 
(m3/s)  

Flow Rate 
(m3/s)  

Simulation    
Observation 

Simulation    
Observation 
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Forced with historical gridded precipitation and other meteorological data, we are able to reproduce observed flood peaks in Gauge 12120000 using the DHSVM model. 



Water Quality Sample Locations  
at Mercer Creek 

Presenter
Presentation Notes
Sampling protocol at these sites: 1) The sample frequency is once per month, normally during a storm event. 2) samples are collected over a period of six hours, principally beginning from the start of an event. The recorded pollutant concentration is the mean concentration of the pollutants over the sampling period. 



Observed TSS Conc. Vs. Flow 
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Why the relationship varies at different sites?Mercer Creek: The Mercer Creek Basin is the largest catchment of all three. Its ultra urbanized and the landscape is quite complex compared to the other two. In addition, an extensive wetland and sizeable detention facilities in Mercer Creek could also account for the rather weak relationship between flow and TSS concentration.Upstream: The higher TSS could be contributed by the gravel truck lots and topsoil manufacturer. The detention facility is located between this site and the downstream sites.Sampling Protocol:Samples are collected once a month during the storm events.We also have to quality obs during base flow period, in which runoff is not significantly related to ln(TSS). Plus the sample size is much smaller for the base flow events, so the plots are not shown here.
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Short-Term Goals 

• Incorporate the RBM10 particle tracking-based 
stream temperature model (Yearsley, 2009) into the 
DHSVM-WQ model 
 

• Test, evaluate and calibrate the DHSVM-WQ 
model with observations at Mercer Creek 
 

• Prepare the model input for the Puget Sound Basin. 
 
 



• DHSVM is well documented on the 
website, including tutorial, source code, 
training database, relevant publications, 
new releases and updates.  
http://www.hydro.washington.edu/Lettenmaie
r/Models/DHSVM/index.shtml 

 
• Great user support from DHSVM 

LISTSERV community 
https://mailman2.u.washington.edu/mailman/l
istinfo/dhsvm-users 

http://www.hydro.washington.edu/Lettenmaier/Models/DHSVM/index.shtml
http://www.hydro.washington.edu/Lettenmaier/Models/DHSVM/index.shtml
http://www.hydro.washington.edu/Lettenmaier/Models/DHSVM/index.shtml
https://mailman2.u.washington.edu/mailman/listinfo/dhsvm-users
https://mailman2.u.washington.edu/mailman/listinfo/dhsvm-users
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